Purpose: Capsaicin and resiniferatoxin (Sigma Chemical Co., St. Louis, Missouri) administered intravesically are attractive options for treating detrusor hyperreflexia. Because the 2 agents differ in chemical structure and relative potency, possible differences in their clinical and urodynamic effects were investigated in this prospective comparative study.
Current strategies for treating detrusor hyperreflexia due to neurological disease rely on partial blockade of parasympathetic innervation to the bladder using oral anticholinergic drugs. Although they are successful in most cases, anticholinergics such as oxybutynin have disagreeable side effects that cause a proportion of patients to abandon them at doses insufficient to restore continence. 1 Some patients respond to intravesical oxybutynin but no approved formulation is available for this method of administration. Furthermore, some patients do not respond to either treatment.
Inhibiting transmission from the bladder along the afferent C-fibers by intravesical administration of compounds collectively described as vanilloids is an attractive option. Capsaicin was the first such agent used and it achieves durable, months-long beneficial effects in about 60% to 70% of patients. 2 However, topical administration is immediately followed by bladder irritation, an effect ascribed to initial stimulation before C-fibers inactivation. Resiniferatoxin, which is about 1,000-fold more potent than capsaicin, also acts on vanilloid receptors. 2 Intravesical administration of this agent causes prolonged inactivation of C-fibers yet with minimal and/or absent initial stimulatory effects. 3 Capsaicin and resiniferatoxin differ in their chemical structures and relative potency, so that there may be substantial differences in clinical and urodynamic effects. We investigated the effectiveness and safety of capsaicin and resiniferatoxin intravesical administration, comparing their clinical and urodynamic effects in a group of spinal cord injured patients with detrusor hyperreflexia unresponsive to conventional anticholinergic therapy.
MATERIALS AND METHODS
Patient characteristics. Enrolled in this study were 16 male and 8 female chronic spinal cord injured patients. Table 1 lists clinical features and American Spinal Injury Association impairment. 4 The study was approved by the ethics committee. All patients were informed about the scientific nature of the study and provided written consent.
Preliminary assessment. Standard evaluation included a history, physical examination, serum chemistries, urinalysis, urine culture and imaging assessment of urinary tract by ultrasound, excretory urography and cystourethrography. Baseline urodynamic evaluation followed International Continence Society standards 5 and was performed 1 month before commencing the study. Maximum bladder capacity and bladder compliance, uninhibited detrusor contraction threshold and maximum amplitude, and urinary leakage were recorded. Study inclusion criteria were unacceptable clinical and urodynamic detrusor activity suppression by oral and intravesical oxybutynin, intolerable anticholinergic side effects, normal renal function, no vesicoureteral reflux or abnormal upper urinary tracts. All patients performed clean intermittent catheterization and continued on 5 mg. oxybuAccepted for publication November 2, 2001. * Requests for reprints: Via Torrice n. 4, 00189 Rome, Italy. tynin orally 3 times daily throughout the study. Any urinary tract infections were treated and patients were free of infection during the study.
Study plan. From the large pool of patients at our institutions 24 fulfilling all criteria were selected and block randomed by commercially available software to 2 groups of equal numbers (table 1). The synthetic capsaicin analogue N-vanillylnonanamide (Sigma Chemical Co.) and resiniferatoxin were dissolved in absolute ethanol and 0.9% sodium chloride solution, respectively, sterile filtered and divided into aliquots, which were stored at Ϫ80C. On the day of use instillations were prepared by diluting the stock solutions with 0.9% sodium chloride to the requisite concentrations. The dose of 2 mM. capsaicin was selected because it is the maximum concentration in ethanol reported in several clinical trials. 2 The dose of 100 nM. resiniferatoxin was selected on the less secure basis that at least 1 group achieved good results at this concentration 6 and another may have overachieved with 10 M. resiniferatoxin. 7 The 12 patients assigned to the capsaicin arm received intravesical instillation of 40 ml. 2% lidocaine, which remained in place for 20 minutes and was then drained. Subsequently 100 ml. capsaicin (2 mM. dissolved in 30% ethanol in 0.9% sodium chloride) were instilled via a 6Fr double lumen catheter with 1 lumen used to fill the bladder and the other used to measure intravesical pressure. The flow rate was 20 ml. per minute. The 12 patients assigned to the resiniferatoxin arm received an intravesical instillation of 100 ml. 0.9% sodium chloride solution containing 100 nM. resiniferatoxin at a flow rate of 20 ml. per minute. In each arm the solutions were retained in the bladder for 40 minutes with accompanying urodynamics (real-time cystometrography) while the drugs were indwelling.
Baseline urodynamic studies were duplicated 30 and 60 days after treatment. All patients maintained a voiding diary for 30 days before and throughout the 60-day study (3 ϫ 30 days of data). They recorded the number of daily catheterizations and episodes of incontinence. Local or systemic side effects were also noted. At the end of each study period patients underwent imaging assessment of the urinary tract by ultrasound and cystourethrography as indicated.
Data analysis. Descriptive values are expressed as the mean plus or minus standard deviation. Intergroup differences were assessed by Student's t test for independent measures. Comparisons of data were assessed by Student's t test for dependent measures. Comparisons of frequencies were performed using the chi-square test with differences considered significant at p Ͻ0.05.
RESULTS
Preliminary assessment. Initially 14 males and 6 females had incontinence episodes and used pads or external collecting devices, while the remaining 4 were dry (table 2) . There were no significant differences in patients who received resiniferatoxin and capsaicin in regard to the frequency of catheterization, daily incontinent episodes or the number using pads and/or external devices. On baseline urodynamics all patients showed detrusor hyperreflexia, including 15 with detrusor sphincter dyssynergia, decreased bladder capacity and urinary leakage. None had consistently decreased compliance to less than 20 ml./cm. water. There was no significant difference in maximum bladder capacity, uninhibited detrusor contraction threshold or maximum amplitude in patients assigned to the capsaicin or resiniferatoxin arm (table 3) .
Urodynamic monitoring during intravesical instillation. For resiniferatoxin 11 of the 12 patients completed the instillation without phasic detrusor contractions or urinary leakage. Treatment was aborted in 1 patient because of marked uninhibited detrusor contractions. There were no local or systemic side effects.
For capsaicin 5 of the 12 patients had autonomic dysreflexia with headache, anxiety, nausea, sweating, piloerection, bradycardia and blood pressures elevated to a mean of 172/ 102 mm. Hg. The bladder was evacuated in 4 patients at 24, 31, 35 and 38 minutes, respectively, because of spasms and leakage, while another received nifedipine sublingually at 35 minutes. The condition resolved rapidly in all 5 cases. Most patients reported increased spasticity and leg spasms, and 6 with incomplete lesions had suprapubic discomfort. These side effects, including minor hematuria in 5 patients, resolved within 4 to 11 days.
At 30-day followup (tables 2 and 3). In patients who received resiniferatoxin mean catheterization decreased from 6.6 Ϯ 0.7 to 4.9 Ϯ 1.0 (p Ͻ0.001) and mean incontinence episodes decreased from 4.2 Ϯ 2.3 to 1.7 Ϯ 2.5 (p Ͻ0.05). Seven patients were completely dry, clinical improvement was satisfactory in 4 and 1 in whom treatment was aborted failed to benefit. Urodynamic evaluation showed a significant increase in the uninhibited detrusor contraction threshold and in maximum bladder capacity but no modification in uninhibited detrusor contraction amplitude or compliance.
Overall patients assigned to the capsaicin arm did not have significant changes in the frequency of catheterization or incontinent episodes. There was a nonsignificant increase in the mean uninhibited detrusor contraction from 165 Ϯ 47 to 199 Ϯ 58 ml. and in mean bladder capacity from 183 Ϯ 59 to 219 Ϯ 94 ml. No local or systemic side effects were noted at this point.
At 60-day followup (tables 2 and 3). Patients in the resiniferatoxin group substantially maintained the clinical and urodynamic benefits observed at the previous followup. The mean frequency of catheterization and of incontinent episodes was not significantly different than at the 30-day assessment. Complete continence was maintained in 7 patients (58.3%), clinical improvement persisted in 4 (33.3%) and treatment failed in 1.
The 12 patients in the capsaicin group maintained the slight increase in the uninhibited detrusor contraction threshold and in cystometric capacity previously achieved. However, patients 3, 5, 7 and 11 (33%) achieved more substantial clinical and urodynamic improvement, which narrowly failed to reach significance (p ϭ 0.08 to 0.052). Compared with pretreatment levels the mean number of incontinent episodes decreased from 4.5 to 1.5 daily, the mean uninhibited detrusor contraction threshold increased from 173 to 240 ml. and mean maximum bladder capacity increased from 208 to 285 ml. In addition, there was no modification in detrusor-sphincter dyssynergia in any of the 15 patients with that condition.
DISCUSSION
Electrophysiological and pharmacological studies in animals demonstrate that interruption of the spinal cord pathways produces considerable reorganization of the micturition reflex and C-fiber bladder afferents become mechanoreceptive and initiate reflex voiding. 8 Systemic administration of capsaicin decreases the number of bladder C-fiber afferents and suppresses hyperreflexic activity in chronic spinal cord injured cats. 8 An increasing number of experimental clinical studies were designed to investigate these effects in humans with detrusor hyperreflexia and results after intravesical capsaicin were generally encouraging, in that 6 detailed clinical benefits in 40% to 100% of patients and urodynamic improvement in 60% to 100%. 2 In contrast, only 4 of our 12 patients (33%) improved clinically and urodynamically after capsaicin treatment. These inferior results require further analysis.
Capsaicin administration was preceded by intravesical lidocaine. 9 Does lidocaine attenuate the potential benefits of capsaicin? We consider this hypothesis most unlikely because capsaicin causes excitation (nociception) and then desensitization through nonselective receptor mediated ion channels, whereas lidocaine blocks axonal transmission through voltage dependent sodium channels. In animal studies the local anesthetics lidocaine (amide type) and tetracaine (ester type) partially prevented the excitatory effects of capsaicin 10 and resiniferatoxin, 11 respectively, without influencing desensitization. Also, in clinical studies pretreatment with lidocaine did not decrease capsaicin efficacy 12, 13 and Dasgupta et al noted an improved response to capsaicin after accelerated administration of intravesical lidocaine because of fewer problems during treatment. 14 An overview of clinical studies of capsaicin does little to clarify the situation. Studies of at least 9 distinct diseases or traumas, of which the most common is multiple sclerosis, can be further subdivided into complete or incomplete lesions of the spinal cord at all levels. Some groups administered 1 mM. solutions, 15-17 others gave 2 mM. 18 and yet others used the 2 concentrations in the same groups of patients. 9, 12, 13 Vaidyanathan et al examined vesical nerve fiber patterns and noted marked variation in patients with the same disease or trauma of the spinal cord at similar levels, 19 and so individual characteristics of bladder nerve involvement may have a role. Disease duration of an average of 52 months in our patients may affect the response and yet it is rarely reported. de Seze et al reported disease duration but the majority of their patients had multiple sclerosis. 16 Simply stated too many independent variables are involved to make general comparisons. Specifically the only comparable investigations were those of Geirsson et al. 18 Using 2 mM. capsaicin they achieved urodynamic improvement in 9 of 10 spinal cord injured patients versus our 4 of 12 and yet only 4 of 10 had a clinical response versus our 4 of 12.
Resiniferatoxin with a molecular weight of approximately 630 Da. contains the same homovanillyl group determining biological activity as capsaicin with a molecular weight of approximately 300 Da. and it is appealing because there is minimal to absent acute toxicity. 6, 7 The current study demonstrates that resiniferatoxin, even at 1/20,000 the concentration of capsaicin, was more effective and safer than capsaicin. Two previous studies that were neither prospective nor randomized also indicate a superior response to resiniferatoxin. 7, 20 In common with other researchers we are confronted by an apparent paradox. Capsaicin and resiniferatoxin interact with the same specific recognition site (vanilloid receptor subtype I) and yet equipotent and less than equipotent (95% less in our study) concentrations of resiniferatoxin resulted in generally superior therapeutic effects with few if any of the noxious side effects associated with capsaicin. This pharmacological anomaly has been ascribed somewhat hesitantly to low concentrations of resiniferatoxin desensitizing the afferent neurons without inducing an initial sensitization-excitation phase, as with capsaicin. 2 The overall situation remains unclear because, although techniques for the intravesical administration of capsaicin are now reasonably standardized, the same cannot be said for resiniferatoxin instillations since concentrations of 1 to 10 M., volumes of 30 to 100 ml. with and without 10% ethanol, and a wide array of therapeutic schedules have been reported. 2, 6, 7 No mass balance studies are available to indicate the proportional uptake of the 2 vanilloids and, therefore, to our knowledge the important role of urothelial permeability remains unknown. However, it is possible to outline some qualitative pharmacokinetics of these agents administered intravesically.
Resiniferatoxin is slightly soluble in water since 1 mM. aqueous solutions do not precipitate and ethanol is not a chemical necessity for intravesical instillation. When solubilized in water alone, the size of the resiniferatoxin molecule precludes intracellular penetration of urothelial cells and to reach C-fibers resiniferatoxin must pass through the intercellular channels (pores) associated with the junctional complex between the lateral cell membranes. 21 When in the region of the filamentous lamina propria, diffusion to receptor sites on C-fibers should be rapid. For capsaicin the situation is more complicated. For all practical purposes it is insoluble in water and to attain the desired concentrations of 1 to 2 mM. 30% ethanol is most commonly used. When instilled as a control, 30% ethanol causes side effects, namely bladder inflammation, that are indistinguishable from side effects caused by ethanol with capsaicin, while onset is rapid ("immediate") and the adverse effects persist for 1 to 2 weeks. 16 The luminal plasma membrane of the urothelial cells is no barrier to the membrane fluidizing effects of ethanol, 22 which moves intracellularly, entraining its solubilized capsaicin. Alcohol induced tissue damage ensues, followed by the inflammatory cascade, including mediators of inflammation that induce the excitation of capsaicin sensitive neurons. 2 Therefore, ethanol diverts a proportion of capsaicin to where it cannot exert any pharmacological effects and is also responsible for some if not most of the noxious side effects. In this context it is worth noting that intravesical 10% ethanol with resiniferatoxin caused some vague temporary discomfort, 6 a solution of ethanol 90% has caused permanent bladder damage 23 and 50 mM. capsaicin with polysorbate (Tween) as the vehicle caused no major side effects. 24 Nothing in this commentary is at variance with concepts involving resiniferatoxin and capsaicin actions on different C-fiber subsets 25 or vanilloid receptor subtypes. 26 Rather it emphasizes the fact that ethanol concentrations should be restricted to the necessary minimum when this agent is given as an intravesical vehicle. Capsaicin (1 mM.) in 15% ethanol with 85 ml. saline is chemically feasible and yet the majority of clinical reports describe 30% ethanol as the vehicle for 1 mM. capsaicin. 9, 12, 13, [15] [16] [17] With hindsight it is obvious that this situation causes problems when assessing the relative merits of 1 and 2 mM. solutions, and weighs against the lower concentration because of the unnecessarily severe inflammatory effects that presumably occur. A prospective study of 1 mM. capsaicin in 15% and 2 mM. in 30% ethanol should further clarify and define the role of intravesical capsaicin for treating detrusor hyperreflexia.
CONCLUSIONS
In spinal cord injured patients with detrusor hyperreflexia refractory to oral oxybutynin therapy intravesical resiniferatoxin provided superior clinical and urodynamic benefits, and had fewer side effects than intravesical capsaicin, of which the potential benefits were probably decreased by premature evacuation of the drug in a third. Due to its minimal to absent toxicity we would recommend 100 ml. intravesical resiniferatoxin (100 nM.) in 0.9% sodium chloride in cases refractory to standard therapy with few restrictive criteria.
